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ABSTRACT 

We present observations of PSRs J0437-4715, J0738-4042, J0835-4510, J0908~4913, 
J1048-5832 , J1622-4950, J1644-4559, J1721-3532 and J1740-3015 at 17 GHz using 
the Parkes radio telescope. All 9 were detected at 17 GHz, additionally, we detected 
PSR J0835-4510 and J1622-4950 at 24 GHz. Polarisation profiles of each pulsar and 
the variation with frequency are discussed. In general, we find that the highly polarised 
edge components of young pulsars continue to dominate their profiles at 17 GHz. Older 
pulsars (> 10^ years) appear to be almost completely depolarised. Our detection of 
PSR J0437-4715 is the highest frequency observation of a millisecond pulsar to date, 
and implies a luminosity at 17 GHz of 14 /iJykpc^, and a mean spectral index of 2.2. 

We find that the spectral index of the magnetar PSR J1622-4950 is fiat between 
1.4 and 24 GHz, similar to the other known radio magnetars XTE J1810~197 and IE 
1547.0-5408. The profile is similar to that at 3.1 GHz, and is highly linearly polarised. 
Analysis of the frequency evolution of the profile of PSR J0835-4510 show that the 
profile is made of four components that vary with frequency only in their amplitude. 
The width and separation of the components remains fixed and the spectral index of 
each component can be determined independently. 
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1 INTRODUCTION 

Radio pulsar emission is a broad band phenomenon, de- 
tected from 10 MHz to 150 GHz, however since the flux 
density typically drops olT very rapidly with frequency, most 
observations are carried out at frequencies below 4 GHz. In- 
deed, the majority of pulsars have spectra which can be 
modelled by a power law, S oc wi th a mean spectral 

index, a = 1.8 ± 0.2 (Mar on et al.ll2000h . With the current 
generation of radio telescopes, higher frequency observations 
are only viable for the most luminous pulsars, or those with 
an unusually flat spectral index. Probing a wide range of 
frequencies is one key to understanding the nature of the 
emission processes in the pulsar magnetosphere. 

Pulsars exhibit a wide variety of proflle shapes, however 
one can typically break them up into a number of distinct or 
overlapping components which are typically roughly Gaus- 
sian in shape. In order to begin to interpret the observed 
proflles, we classify t hem, typically into so-ca l led 'core' and 
'conal' comp onents (|Komesaroff et all Il970l : iBackerl 1 19761 : 
lRankin|[l98a ). Core components are thought to be emitted 
close to the magnetic axis and typically have a steep spectral 
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index compared to the conal components that are thought 
to arise from the edges of the emission region. 

Other than the flux density, there are a myriad of 
other frequency dependent effects observed in pulsars. Most 
prominently is the negative-index power-law relationship be- 
tween observing frequency and overall pulse width noted 
m many pulsars (|ThorsettllT99ll ). This is most simply un- 
derstood by a mapping between the emission height (and 
therefore the spread angle of the magnetic field lines) and 
the plasma frequency and therefore the frequency of the 
emitted radio waves (|Ruderman fc Sutherland! 1 19751 ). This 
effect is most evident at frequencies below ~ 1 GHz, and 
at higher frequencies there does not seem to be a signifi- 
cant change of pulse width with frequency. There is also ev- 
idence that this effect seems to be constrained to the outer 
'conal' components, and that inner cones and core emis- 
sion do not share this frequency dependent width e ffects 
(|Mitra fc Rankinll2002l ). iGupta fc Gangadhara' (2003') sug- 
gest that the emission height of components is longitude de- 
pendent, and that the outer components are emitted further 
from the neutron star surface. Indeed, it has been suggested 
that the observed pulse shape may be entirely caused by 
mixing components from many emission heights at a sin- 
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gle frequency, rather t han the traditional model of rad ially 
separated components (jKarastergiou fc Johnstonll2007l '). 

Pulsar radio emission is often highly polarised, and the 
polarisation properties observed to be frequency dependent. 
In gener al, polarisation fraction decreases with frequency, 
however I von Hoensbroech et alj l|l998l ) showed that there 
are pulsars for which a highly polarised component of the 
profile with a relatively fla t spectral index becom es promi- 
nent at higher frequencies. Ijohnston et al.l (|2006| ) observed 
32 southern radio pulsars at a frequency of 8.3 GHz, and 
demonstrated that whilst most pulsars are depolarised with 
increasing frequency, many young pulsars exhibit such po- 
larised fiat spectrum components and were t ypical ly classi- 
fied as partial cones. IJohnston fc Weisbergj (|2006l ) suggest 
that the emission of young pulsars is highly polarised conal 
emission, and arises from high in the magnetosphere. 

At hig her frequencies still, Wiclcbinski et al. ( 1993) and 
iKramer et al.1 (|l997l ') report detections of PSRs B0329-I-54, 
B0355-F54, B1929-hl0 and B2021-H51 at 34 and 43 GHz. The 
strength of the detection at these frequencies suggest that 
the spectra of pulsars may fiatten, or indeed turns upwards 
at millimetre wavelengths. 

The highest frequency for which a radio detection of a 
pulsar has been published is observations of the radio mag- 
netar XTE J181 0-197. This, the first k nown radio magnetar, 
was identified bv lCamilo et al.l (|2007cl ) by radio emission as- 
sociated with an outburst of the X-ray pulsar. The pulsed 
radio emission was shown to be highly polarised, and with a 
spectral index close t o and detectable as high as 144 GHz 
l|Camilo et al.ll2007bl ). A second magnetar, IE 1547.0-5408, 
was also found to exhibit radio emissio n with a fiat spectral 
index and high degree of polarisation (|Camilo et al. 2007a. 
I2OO8I ). A third member of this clas s . PSR J1622-4950, has 
now been identified bv lLevin etHI ((2OI0I '). This object was 
discovered as part th e High Time Reso lution Universe sur- 
vey for radio pulsars l|Keith et al.ll2O10l ). Although there is, 
as yet, no evidence for a magnetar- like X-ray outburst in 
PSR J1622-4950, the magnetic field strength inferred from 
the rotational properties, 3 x 10^* G, is the highest known 
of any radio pulsar and similar to other magnetars. Indeed, 
the high polarisation, flat spectrum and large pulse width 
observed in PSR J1622-4950 are properties shared with the 
other two known radio magnetars. 

Here we present recent observations of PSR J1622-4950 
and 8 other southern radio pulsars at 17 and 24 GHz, the 
highest frequency that can be achieved at the Parkes radio 
telescop e. These were selecte d based on their 8.3 GHz flux 
density (| Johnston et al.|[2006l ). In the next section we outline 
the observational setup and data analysis procedure and in 
section 3 we present the results and discuss the implications 
of our observations. 



2 OBSERVATIONS AND ANALYSIS 

Observations were carried out on 2010 November 1st and 
2nd at the Parkes radio telescope. We used the '13-mm' re- 
ceiver and the Parkes Digital Filterbank System 'PDFB3' 
at centre frequencies of 17.0 GHz and 24.0 GHz. Each of the 
pulsars were observed for 1 hour with a 1024 MHz band- 
width centred at 17.0 GHz. For J0835-4510 and J1622- 
4950 we were able to get sufficient detection significance at 



17 GHz to suggest that observation at 24 GHz was war- 
ranted. These two pulsars were observed with a 1024 MHz 
bandwidth centred at 24.0 GHz. Additionally, the observa- 
tion of PSR J1622-4950 was repeated several times with a 
total of 5.4 hours at 17 GHz and 2.4 hours at 24 GHz. 

Calibration and analysis of th e data was carrie d out 
using the psrchive software suite l|Hotan et al.ll2004l 'l. Be- 
fore the start of each observation we used a noise diode in 
the receiver to calibrate for differential gain and leakage be- 
tween the linear feeds. It should be noted that the observed 
position angles have an arbitrary zero point. Flux calibra- 
tion was performed by measuring the strength of the noise 
diode to the standard calibrator PKS 1253-055. We assume 
a flux density of 20 Jy for PKS 1253-055 at both 17 and 
24 GHz, and inferred a typical system equivalent flux den- 
sity of ~ 240 Jy and ~ 560 Jy at 17 and 24 GHz respectively. 
Fluxes were corrected for elevation effects using a standard 
gain-elevation curvcQ parametrised as: 

G = -0.19403 + 0.04577261 - 4.3866 x 10"*6l^ (1) 

where 6 is the mean elevation of the telescope at the time 
of the observation. The dominant error in our flux measure- 
ments is likely to be system temperature variations during 
observations of the flux calibrator, and variations in the level 
of atmospheric absorption. Repeated observations of the flux 
calibrator lead us to believe that the flux estimates have a 
systematic error of ~ 20%. 

Due to the long pulse period of PSR J1622-4950, varia- 
tions in the system temperature are on the same timescale as 
the pulse period. To correct for the unstable time-baselines 
across the pulse period we fit and subtracted a linear slope 
from the intensity in each 30 second integration. No other 
pulsars were affected by this due to their shorter pulse pe- 
riods. 



3 RESULTS 

We successfully detected PSRs J0437-4715, J0738-4042, 
J0835-4510, J0908-4913, J1048-5832 , J1622-4950, J1644- 
4559, J1721-3532 and J1740-3015 at 17 GHz. Additionally 
we detected PSRs J0835-4510 and J1622-4950 at 24 GHz. 
The polarisation profile of each pulsar is presented and dis- 
cussed below. 



3.1 PSR J0437~4715 

The only millisecond pulsar in our sample, PSR J0437-4715, 
has the the 4th highest 1.4 GHz fiux density of any known 
pulsar, and is by far the brightest millisecond pulsar known. 
The distance to PSR J0437-47 15 is very well constrained 
to be 0.157 ± 0.002 kpc (Verbie st et"all I2008I '). and so we 
determine the 17 GHz pseudo-luminosity, L' — Sitghz d? to 
be 14 /ijykpc^. 

At 17 GHz we observe a symmetric, double peaked pro- 
file with a bridge of emission. The polarisation fraction is 
low, with just a hint of linear polarisation in the centre of the 

^ Provided by Parkes operations staff, determined empirically 
from observations 22 GHz observations of a known source. 
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Table 1. The names and properties of the 9 pulsars observed in this work, and their observed parameters at 17 and 24 GHz. The first 
three columns contain the name, spin period and characteristic age of the pulsars. The remaining columns list the properties observed at 
the observing frequency specified in the fourth column, namely mean fiux density, apparent spectral index when compared to 1.4 GHz, 
linear polarisation fraction, circular polarisation fraction (absolute value and stokes V) and width at 10% and 50% of the peak. Note 
that the flux density measurements are likely to be subject to large systematic errors as described in the text. Polarisation fractions are 
averaged over the entire profile. 



Name 




P (ms) 


Tc (Myr) 


Preq (MHz) 


Flux (mjy) 




L/I 


|V|/I 


V/I 


Wio (°) 




J0437- 


-4715 


5.757 


6500 


17000 


0.58 


2.2 


< 0.2 


< 0.2 




12.6 


7.7 


J0738- 


-4042 


374.9 


3.7 


17000 


0.23 


2.4 


< 0.3 


< 0.3 






17.5 


J0835- 


-4510 


89.35 


0.011 


17000 


5.0 


2.2 


0.80 


0.33 


-0.32 


14.4 


7.4 










24000 


3.4 


2.1 


0.71 


0.39 


-0.37 


15.1 


7.7 


J0908- 


-4913 


106.8 


0.11 


17000 


0.26 


1.5 


0.46 


< 0.3 




7.0 


3.2 


J1048- 


-5832 


123.7 


0.020 


17000 


0.36 


1.2 


0.5 


< 0.4 






11.3 


J1622- 


-4950 


4326 


0.004 


17000 


8.0 


-0.2 


0.80 


0.12 


-0.10 


144 


19.7 










24000 


5.6 


-0.1 


0.34 


0.20 


-0.10 


156 


16.8 


J1644- 


-4559 


455.1 


0.36 


17000 


0.16 


3.0 


< 0.4 


< 0.4 






18.9 


J1721- 


-3532 


280.4 


0.18 


17000 


1.1 


1.0 


< 0.2 


< 0.2 




16.9 


7.4 


J1740- 


-3015 


606.9 


0.021 


17000 


0.34 


1.2 


0.66 


0.52 


-0.51 


3.9 


2.1 
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Figure 1. The pulse profile of PSR J0437-4715 at a centre fre- 
quency of 17.0 GHz, showing only phases within 30° of the peak. 
The thick black line shows total intensity, the thin line shows lin- 
ear polarisation and the dotted line shows circular polarisation. 
Inset is the entire profile over 360 degrees. 
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Figure 2. The pulse profile of PSR J0437-4715 in total intensity 
from 0.7 GHz to 17 GHz, showing only phases within 30° of the 
peak. Data at frequencies below 17 GHz are taken from the Parkes 
data archive (Hobbs et al., in prep). The dotted lines indicate the 
phases of the two peaks visible at 17 GHz. The profiles are aligned 
based on the first of the bright peaks in the profile. 



4 M. J. Keith et al. 



profile. Figure [2] shows the frequency dependent profile evo- 
lution of PSR J0437-4715. Here we present profiles from this 
work, and from archival Parkes data centred at 732, 1369, 
3100 and 6380 MHz, and aligned using the leading com- 
ponent marked with a dotted line in Figure [H The profile 
is complex and very well studied jMarichester fc JohnstonI 



is co r aplex and very well stuQied (llVlancnester JonnstonI 
1 19951 : iNavarro et"aLlll997l : iKramer et al.lll999l '). however the 



innermost part of the profile, the only part discernible 
at 17 GHz, clearly consists of at least three components. 
The central component dominates at low frequencies, be- 
low ~ 1 GHz, and has the steepest spectrum of the three 
components. The leading component has a somewhat fiatter 
spectrum and is the only part that is easily identified at all 
frequencies, being most dominant at 3.1 and 6.7 GHz. Fi- 
nally, the trailing component has the flattest spectrum, but 
is much weaker and only identifiable in the 6.7 and 17 GHz 
profiles. At lower frequencies still, the profile is dominated by 
the outer wings (extending up to ±100° in pulse longitude), 
further evidence that the profile is made up of components 
with a wide range of spectral indices. 

It remains difficult to associated the various compo- 
nents in this pulsar, and t hose seen in o ther MSPs, with 
the core/cone dichotomy of iRankinI l| 19831 ). The symmetry 
of the profile and abrupt orthogonal mode change at the pro- 
file peak clearly observed at e.g. 1.4 GHz seem to imply that 
the main components is close to the magnetic pole, however 
the spectral behaviour and location of the outer components 
does not follow convention and the observed variation in po- 
sition angles at 1.4 GHz are too complex to o attempt to fit 
with any simple model (e.g. lYan et al.l[201lh . 




Figure 3. The pulse profile of PSR J0738-4042 at a centre 
frequency of 17.0 GHz, showing only phases within 30° of the 
peak. The format is the same as for Figure [l] 



the trailing part. We investigate the spectral indices of each 
component in more detail in Section [4.21 



3.2 PSR J0738-4042 

PSR J0738-4042 is very weak at 17 GHz, and therefore it 
is difficult to draw any conclusions. The lack of polarisation 
and ^ 17° width is similar to that seen at 8.3 GHz. 



3.3 PSR J0835-4510 

PSR J0835-4510, the Vela pulsar, is easily detected at both 
17 and 24 GHz. At these frequencies we measure flux den- 
sities of 5 and 3.4 mjy respectively, however we note that 
the observed flux density varies somewhat due to interstellar 
scintillation. The profile is very similar at both frequencies, 
symmetrical and roughly Gaussian, with a 10% width of 
~ 15°. We can see that the polarised fraction is very high, 
roughly 7 0% linear and 30% cir cular polarised at both fre- 
quencies. Ijohnston et al.l l|2006l ) observed that the circular 
fraction increased with frequency between 1.4 and 8.3 GHz, 
however we find that this trend does not seem to continue, 
maintaining a ~ 30% circular fraction out to 24 GHz. 

At first glance, the profile at 17 GHz is very similar 
to the 1.4GHz profile, with pulse width Ww = 14.4° (c.f. 
Wio — 13.3° at 1.4 GHz) and strongly polarised. A closer 
inspection reveals however that the component seen at 17 
and 24 GHz is in fact the weaker trailing component of the 
low frequency profile. The frequency evolution of the pro- 
file is shown in Figure [6] Here we present profiles from this 
work, and from archival Parkes data centred at 1369, 3100, 
6380, 8356 and 21840 MHz. Clearly the spectral index of 
the leading part of the pulse is much steeper than that of 



3.4 PSR J0908-4913 

PSR J0908-4913 is a young pulsar with an interpulse ap- 
proximately 180° fr om the main pu lse and a well defined or- 
thogonal geometry (|Kramer fc Johns ton 2008). At 17 GHz 
we are only able to detect the main pulse, the interpulse 
is most likely below the detection threshold. The pulse re- 
mains highly polarised, about with a linear and circular 
polarisation fractio n of 50%. This appear s to continue the 
trend observed by Ijohnston et al.l (|2006l ). with the circu- 
lar fraction increasing with frequency. The detection sig- 
nificance and pulse width are insufficient to fit model the 
polarisation position angle swing and further test the ob- 
served variation of magneti c inclination angle with frequency 
(jKramer fc JohnstonI I2OO8I ). 



3.5 PSR J1048-5832 

PSR J 1048-5832 exhibits a ~ 4° pulse width, with a shoul- 
der of about 50% intensity on the leading edge. The signal- 
to-noise is rather low, even in our 1-hour observation, but 
we infer that this is the polarised central feature observed 
at lower frequencies, and the shoulder component is the 
leading component th at begins to be apparent at 8.3 GHz 
() Johnston et al.ll2006l ). The data suggests that the leading 
component has a flatter spectral index than the main com- 
ponent, otherwise it would not be detectable at 17 GHz. 
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Figure 4. The pulse profile of PSR J0835-4510 at a centre 
frequency of 17.0 GHz, showing only phases within 30° of the 
peak. In the lower panel, the thick black line shows total intensity, 
the thin line shows linear polarisation and the dotted line shows 
circular polarisation. Inset is the entire profile over 360 degrees. 
Above is shown the observed polarisation position angle and its 
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Figure 5. The pulse profile of PSR J0835-4510 at a centre 
frequency of 24.0 GHz, showing only phases within 30° of the 
peak. The format is the same as for Figure |4] 



Figure 6. The frequency evolution of the total intensity profile 
of PSR J0835-4510. The profiles are aligned using the model de- 
scribed in Section [4.2l The dotted vertical lines indicate the phase 
of each of the four components we identify. 
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Figure 7. The pulse profile of PSR J0908-4913 at a centre 
frequency of 17.0 GHz, showing only phases within 30° of the 
peak. The format is the same as for Figure |4] 
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Figure 8. The pulse profile of PSR J1048-5832 at a centre 
frequency of 17.0 GHz, showing only phases within 30° of the 
peak. The format is the same as for Figure |4] 
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Figure 9. The pulse profile of PSR J1622-4950 at a centre 
frequency of 17.0 GHz, showing only phases —30 < (j> < 160. 
The format is the same as for Figure |4] 



3.6 PSR J1622-4950 

PSR J162 2-4950 is the first magnctar discovered in the ra- 
dio band (jLevin et al.ll2010l ). At 17 and 24 GHz, the profile 
still covers some 150° of pulse phase, and is highly linearly 
polarised. It is known that the pulse shape and polarisation 
is highly variable at lower frequencies, so one must be care- 
ful not to infer too much from the high frequency snapshot 
presented in this paper. Nevertheless, we observe that the 
17 GHz profile is strikingly similar to that most commonly 
observed at 3.1 GHz, with a high linear fraction, and a small 
amount of negative circular polarisation at the leading edge 
of the pulse. Individual pulses are dominated by narrow, 
< 5 ms, impulses which integrate to form the two narrow 
features at the leading edge of the average profile. The inte- 
grated 24 GHz profile is somewhat more noisy, mainly due 
to the increased system temperature but appears to show 
the same general features. 



3.7 PSR J1644-4559 

PSR J1644-4559 is the second brightest pulsar at 1.4 GHz, 
however at 17 GHz it is barely detectable in our 1 hour ob- 
servation. Although the signal-to-noise is low, we note that 
there appears to be a precursor to the main pulse at a sep- 
aration of ~ 10°, which at 17 GHz is nearly as strong as 
the main component of the pulse. This is likely to be the 
same precursor seen a s a small shoulder at lower frequencies 
l| Johnston et al.ll2006l ). and is clearly much flatter in spec- 
tral index than the main component of the pulse. The low 
signal-to-noise ratio makes it hard to determine the polari- 
sation fraction. 
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Figure 10. The pulse profile of PSR J1622-4950 at a centre 
frequency of 24.0 GHz, showing only phases —30 < (p < 160. The 
format is the same as for Figure |4l 



n and 24 GHz observations of southern pulsars 7 




-30 -25 -20 -15 -10 -5 5 10 
Pulse Phase (deg) 



15 20 25 



Figure 11. The pulse profile of PSR J1644-4559 at a centre 
frequency of 17.0 GHz, showing only phases within 30° of the 
peak. The format is the same as for Figure [T] 
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Figure 12. The pulse profile of PSR J1721-3532 at a centre 
frequency of 17.0 GHz, showing only phases within 30° of the 
peak. The format is the same as for Figure [l] 



3.8 PSR J1721-5332 

PSR J1721-5332 shows a similar profile at 17 GHz to those 
at 8.3 GHz and below l| Johnston et al.ll2006l ). with a shal- 
low leading edge and a sharper trailing edge. At 17 GHz 
the profile does not have any significant polarisation, and 
it appears that the polarisation fraction is decreasing with 
frequency. 



3.9 PSR J1740-3015 

At 17 GHz PSR J1740~3015 appears to show a narrow, dou- 
ble peaked profile, with total 10% width of 2 1° (Figure [T3l). 
We no te that the 8.3 GHz profile shown in I Johnston et al] 
l|2006l ) is in error, as it appears to have been broadened by 
an incorrect folding period, and therefore we include the cor- 
rected data in Figure [HI As seen in Figure [T51 the 17 GHz 
profile is very similar to that at 8.3 GHz, however the polari- 
sation fraction has decreased, with linear fraction going from 
~ 80% to ~ 60% and circular fraction from ~ 60% to ~ 50%. 
This is contrary to lower frequencies wher e the polarisa- 
tion fraction is increasing with frequency (|Gould fc Lvnd 
Il998l ). At lower frequencies the profile appears to be some- 
what scattered, but the 3.1 GHz profile appears to have 
two main components, with the leading component much 
brighter than the trailing, however the ratio of the two com- 
ponents appears to be the same between 8.3 and 17 GHz. 




-5 
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Figure 13. The pulse profile of PSR J1740-3015 at a centre 
frequency of 17.0 GHz, showing only phases within 30° of the 
peak. The format is the same as for Figure |4] 



4 DISCUSSION 

4.1 Polarisation fraction 

Of the pulsars for which the signal-to-noise ratio is great 
enough to reliably determine the polarisation fraction, there 
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Pulse Phase (deg) 

Figure 14. The pulse profile of PSR J1740-3015 at a centre 
frequency of 8.356 GHz, showing only phases within 30° of the 
pe ak. This figure i s a cor rection to the profile originally published 
in I Johnston et al] l|2006h as described in the text. The format is 
the same as for Figure |4] 



seems to be a division into almost 100% polarised and essen- 
tially unpolarised. Of particular note is PSR J1721-3532, for 
which there is significantly less linear polarisation at 17 GHz 
than at 8.3 GHz. The MSP J0437-4715 appears unpolarised, 
however the polarisation fraction at low frequencies is small, 
and therefore we cannot be sure if the polarised fraction 
is different at 17 GHz. The youngest pulsars in our sam- 
ple, J0835-4510, J0908-4913, J1740-3015 and the magnetar 
J1622-4950 all retain a high fraction of linear polarisation 
at 17 GHz. 

It should be noted that the literature is unclear 
weather a high linear polarisation fraction is predomi- 
nantly associated with young age or high E. Most recently 
IWeltevrede fc Johnston l|2008 l showed that there is a clear 
division in E between low and high polarisation pulsars. The 
radio magnetars are, however, clear exceptions to this rule 
since their long long spin period gives them a low E and 
yet they are highly polarised. In any case, the highly po- 
larised pulsars with high E and/or small age remain highly 
polarised throughout the observable frequency range. In 
the framework of competing orthogonal polarisation modes 
(OPMs), this implies that the dominant 0PM has a flat- 
ter s pectral index than the w eaker OPM (see e.g. Figure 
2 of iKarastergiou et al.l [20051 ). The only exception to this 
rule is PSR J0659-I-1414 which shows a n abrupt decrease 
in polarisation between 3 a nd 5 GHz llvon HoensbroechI 
liggg ': 'Johnston ot al' '2006"). 'Johnston fc Weisberd (l2006l ) 



and iKarastergiou & Johnston (2007 ) have argued that these 
highly polarised pulsars also have high emission heights and 
so it appears that high polarisation fraction and high emis- 
sion height may be lined in some way. What remains even 
more difficult to explain in the context of emission models 



is the absence of polarisation over a broad frequency range. 
In the OPM picture, this implies that the strengths of the 
modes are nearly equal, which requires fine tuning, espe- 
cially considering that each OPM undergo es an independent 
expo nential growth during its production (jMelrose fc Judgg 
l2004h . 



4.2 PSR J0835-4510 

As seen in Figure [g] the profile of PSR J0835-4510 has a 
fairly constant width between 1.4 and 24 GHz, however the 
relative amplitude of the various components varies with fre- 
quency. Therefore we attempt to measure the spectrum of 
each component from 1.4 to 24 GHz. In order to do this, we 
model the profile as a sum of a number o f symm etric com- 
ponents represented by scaled Ivon Misei l|l918l ) functions, 
as implemented in the PAAS software provided as part of 
PSRCHIVE0. We find that four such components are required 
to model the observed profile, as shown in Figure 1151 Sig- 
nificantly, we found that we could fit the same model to all 
frequencies whilst keeping the width and separation of each 
component fixed. Allowing the width and phase of the com- 
ponents to vary did not significantly improve the fit to the 
data, therefore we kept these properties fixed to the values 
given in Table [51 

The fiux densities of the each component as a function 
of frequency are presented in Figure 1161 along with the ob- 
served fiux density of the entire profile. We fit a power law 
to the spectrum of each component, with fiux 5* = Af"", 
where a is the spectral index and A is an arbitrary con- 
stant. The best fit spectral indices are also given in Ta- 
ble (2] As can be seen by eye, the leading components have 
steeper spectra [aA = 2.7, ob = 2.3) and the trailing fiatter 
{ac ~aD = 1.5). 

Therefore we conclude that the profile is made up of 
two pairs of components, the leading pair with a steep 
spectral index of ~ 2.5 and the trailing two with a shal- 
lower spectral index of ~ 1.5. This supports the suggestion 
that the leading part of the profile is associated with 'core' 
emission and the trai l ing ed ge is caused by a partial 'cone' 
(|johnston et al.ll200ll . |2006| ). The geometry of PSR J0835- 
4510 is well known, fitting to the observed position angles 
using the rotating vector model giving the magnetic inclina- 
tion angle, a — 53° , and the smallest angle between the line 
of sig ht and the magnetic axis, (3 — —6° (|johnston et al.l 
20051). By considering the ef fects of aberration and retar- 
dation, Ijohnston et al.l |20o3) derive the emission height of 
the core to be only ~ 100 k m. What is less c ertain is the 
height of the conal emission. Ijohnston" et all (|200ll ) argue 
that the conal emission height is similar to that of the core, 
and that the cone that dominates at higher frequencies is an 
"inner cone", and that the so-called "bump emission" ob- 
served at the trailing edge of the pulse is the "outer cone". 
For the inner cone we expect little evolution of the loca- 
tion relati ve to the magnetic pole with observing frequency 
iMitra fc R ankin 2002), consistent with what we derive for 
J0835-4510. A plausible picture emerges therefore where all 
the emission over the frequency range 1 to 24 GHz is con- 
sistent with originating in the central or trailing portion of 
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Figure 15. The four component model fit to total intensity 
profiles of J0835-4510. Here the 6.3 GHz profile is shown, as this 
is where the four components are most equal in magnitude. The 
upper histogram shows the 6.3 GHz profile of J0835-4510, whilst 
the solid line that traces it shows the model profile, composed of 
the sum of the four von Mises functions shown inside. The lower 
histogram shows the residual data after subtraction of the model. 




Freqency (GHz) 



Figure 16. The flux density of PSR J0835-4510 as a function 
of frequency. The small crosses represent the entire proflle. The 
model components are marked, in order of phase, by squares, 
circles, diamonds and triangles. The dashed lines show spectral 
fits to the four components, with spectral indices as described in 
the text. The solid line is the sum of the four dashed lines. 



Table 2. The phase (</>) concentration (k) and width {W = 
360° /y^) of the four von Mises functions used to model the pro- 
file of PSR J0835-4510. The amplitude of each component was 
kept free when fitting to the data. The best fit spectral index is 
given in the last column. 



Component (°) 



w n 



A 


-7.17 


1384.7 


9.67 


2.7±0.1 


B 


-4.17 


1648.6 


8.86 


2.32±0.06 


C 





790.0 


12.8 


1.56±0.06 


D 


2.29 


277.0 


21.6 


1.5±0.2 




Frequency (GHz) 



Figure 17. The fiux density of PSR J1622-4950 from 1.4 to 24 
GHz. 



4.3 PSR J1622-4950 

The radio magnetar PSR J 1622-4950 has the highest 
17 GHz flux density of any pulsar in our sample. The flux 
density of PSR J1622-4950 as a function of frequency is 
plott ed in Fig ure 1171 Data from 1.4 to 9 GHz are taken 
from iLevin et all l^Om . the 17 and 24 GHz values are from 
this work. The values at 1.4 and 3.1 GHz are statistical av- 
erages, whereas the values from higher frequencies are all 
single observations. The intrinsic variability of this source 
makes it hard to be certain about the true nature of its 
spectral variation, however it is clear that the flux density 
varies by no more than a factor of 2 over a factor of nearly 20 
in frequency. Therefore, we conclude that the spectral index 
is very close to fiat between 1.4 and 24 GHz. 



the open field lines at a height of 100 km, although a wider 
range of conal heights is not ruled out by the data. 

It is clear from this analysis that the overall spectrum 
will flatten with frequency, changing from ~ 2.5 when dom- 
inated by the leading component to ~ 1.5 when dominated 
by the trailing component. This suggests that, at least for 
this pulsar, the perceived change in spectral index with fre- 
quency is not intrinsic to the mechanism of the emission, 
but is caused by differing spectra between emission regions. 
It is impossible for this effect to cause the spectral index 
to steepen at high frequencies, however it could potentially 
be the c ause of the observe d flattening of spectra in other 
pulsars (jKramer et al.|[T997l ). 



4.4 Future high frequency observations 

Of great interest in the pulsar and wider physics commu- 
nity is the possibility of discovering p ulsars in orbit abou t 
the black hole at the Galactic Centre (|Kramer et al.|[2004l ). 
Searches at low frequencies have made advances on this 
([Johnston et ahl l2006l : iDeneva et al.l |2009| ) but the extreme 
scattering at the Galactic Centre itself likely means that ob- 
serving frequenc i es we ll in excess of 10 GHz are required 
dCordes fc Lazid l2002 t) and so far, searches at higher fre- 
quencies have proved fruitless (|Macauart et al.|[2010i V 

Our observations, coupled with those of the Bonn group 
(|Wielebinski et al.l 19931 : iKramer et al.lll997l ') show that both 
normal and millisecond pulsars are detectable at 15 GHz and 
beyond and that we see only small changes in the spectral 
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index from low frequencies to high. We therefore can ex- 
trapolate the known flux densities of pulsars from 1.4 GHz 
to higher frequencies to determi ne potential detectability at 
15 GHz. iMacauart et al.l (|2010l ) went through this exercise 
and showed that their lack of detections at 15 GHz implied a 
population of at most a few hundred pulsars in orbit around 
the Galactic Centre. We note that the magnetars as a class 
have long periods, spectral indices near zero and relatively 
high luminosities. These type of pulsars should be detectable 
in the Galactic Centre at high frequencies with current in- 
strumentation if they exist there. For more typical pulsars, 
it seems that we must await the advent of the large collect- 
ing area of the Square Kilometre Array if we are to detect 
them at the Galactic Centre. 



5 CONCLUSION 

We have successfully detected 9 radio pulsars at a frequency 
of 17 GHz, including the highest ever detection of a millisec- 
ond pulsar, PSR J0437-4715. Modelling the profile variation 
of PSR J0835-4510 as a function of frequency indicates that 
each component does not vary in width or phase, and has 
a well defined spectral index. The difference between the 
spectral indices in each component cause the overall spec- 
tral index to flatten above ~ 10 GHz. 

Additionally, we have detected the radio magnetar PSR 
J1622-4950 at a 17 and 24 GHz, noting that the profile 
looks almost identical to that at 3.1 GHz. The fiat spectrum 
and lack of frequency dependent profile shape changes firmly 
suggests that these properties are intrinsic to the class of 
radio-emitting magnetars. 
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